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Abstract 
The paper introduces the various presentations and summarizes the discussions held during the IUTAM symposium on ‘Full field 
measurements and identification in Solid Mechanics’ organized in Cachan (France) in July 2011.  Different aspects were covered,
namely, measurement and identification techniques in solid mechanics, analyses at small scales, applications in biomechanics, and
the use of 3D imaging techniques. 
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1. Scientific Background and Objectives 
Currently, industry performs extensive mechanical testing to design and assess the quality of products, resulting in 
substantial cost for both materials (and their disposal) and labor.  One of the major goals of the virtual testing 
paradigm (e.g., in the aeronautics industry [1] or in cement and concrete companies [2]) is to provide methodologies to 
reduce the number of required experiments.  To make virtual testing — and more generally virtual design — a reality, 
numerous challenges must be met [3,4].  First, trustworthy and robust multiscale and multi-physics models are needed.  
This calls for identification and validation methods that can be applied to various situations, up to the failure of a 
structure or a component, with a given reliability.  Second, real-time integration of simulation methods with 
measurement systems is essential to enable these procedures to be deployed on a regular basis, not only in academic 
labs but also in industry.  Third, computations require validation and verification methods so that their output is 
sufficiently reliable to make decisions based upon their predictions (e.g., for the certification of a new airliner).  
Fourth, the numerical problems to be solved require the handling of large amounts of data as well as the development 
of efficient and effective visualization tools.  This is also true in the field of 2D imaging in which spatiotemporal 
kinematic analyses of, say, 1000 pictures with a 12-Mpixel definition leads to 24 Gbytes of (16-bit gray level) data.  In 
3D imaging, provided for instance by computed tomography, a single reconstructed volume can reach data 
requirements on the order of 16 Gbytes or even more! 
If advances in biomedicine, nanomanufacturing, homeland security, microelectronics, energy and environmental 
sciences, advanced materials, and product development are to be achieved [4], further developments in simulation-
based sciences are essential.  To achieve this goal, there is a growing need to bridge the gap between experimental 
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mechanics and computational mechanics.  The data provided by full-field measurement techniques is one of the keys 
to address this issue so that identification and validation methods can be further developed.     
In solid mechanics, the use of images for quantitative measurements, also called photomechanics [5-7], is an 
activity that is still developing and growing.  With today’s digital cameras, it is possible to have access to a large 
amount of data, compared to a limited number available through traditional methods.  This information requires ad 
hoc data processing, as opposed to classical methods that deal with a few measurement points.  Full-field 
measurements of various types also allow for identifications of linear and non-linear constitutive equations to 
represent heterogeneous physical and mechanical fields in the presence of dissipative phenomena, requiring 
(multiscale) dedicated modeling strategies.  The purpose of this symposium was to bring together specialists in the 
development of measurement techniques and in their use in the mechanics of materials and structures.  Various aspects 
such as the following were discussed: 
• recent development of experimental techniques at different scales in relationship with mechanical applications, 
including the innovative simultaneous use of multiple measurement techniques; 
• new experimental strategies using various full-field measurement techniques; 
• multiscale experimental characterization (for any type of material or loading conditions), including statistical 
analyses of full-field data; 
• development of novel inverse analyses or identification techniques using full-field measurements of different 
types. 
Attention was focused (but not limited to) on the interaction between general fundamental concepts, experimental 
techniques and specific applications to different material field such as: 
• multiscale description of physical and mechanical properties; 
• nonlinear constitutive equations; 
• continuum damage mechanics and fracture mechanics. 
2. Summary of Presentations 
2.1. Measurements and Identification Techniques 
The general theme of the symposium focused on how measurement and identification techniques can be performed 
to optimally solve various mechanical problems, in particular in an industrial context [8-10].  It is worth noting that 
some of the methods discussed in the symposium have now reached a degree of maturity that makes their transfer 
possible.  This is clearly the case for techniques that measure kinematic fields (e.g., image correlation methods), and 
less true for identification methods that are still far from becoming a universal tool to determine parameters employed 
in mathematical models that describe the behavior of materials in structural computations.  The latter is encouraged 
and supported by various branches of industry [8-10].   
It is worth noting that a key issue related to the transfer of various methods to practical applications is the fact that 
no standard exists to quantify the metrological performance of all these optical measurement techniques.  This point 
has to be addressed if these tools are to be implemented in industry, especially when certification has to be dealt with. 
One of the fast emerging displacement field measurement techniques is Digital Image Correlation (DIC).  Its use is 
now becoming more and more popular in solid mechanics in both its 2D setting (2D-DIC) as well as its 3D 
configuration. The 3D-DIC method is used to monitor non-planar surfaces that exhibit true three-dimensional 
deformations under quasi static [9-11] and dynamic [12] loading conditions.  Large scale experiments can also be 
examined thanks to the same technique, provided the observed surfaces are prepared (i.e., speckled [8,13]).  All these 
applications are a small illustration of the versatility of such a measurement technique based upon local or global 
image registration. 
One of the advantages of full-field measurement techniques is that they provide large data sets that describe the 
response of the material/structure.  This can become a drawback if the analysis does not reduce the number of 
quantities to be observed.  One route is to reduce kinematic fields by reprojecting them onto various bases (e.g., 
Fourier, Zernike, Fourier-Zernicke [14]) or by resorting to proper orthogonal decompositions [15].  An alternative 
route is to include the sought quantity in the measurement basis in an integrated or regularized framework of global 
DIC [16]. 
Another important way of post-processing the measured fields is to identify material parameters associated with 
non-dissipative and dissipative mechanisms [8,10,15,17].  Even though kinematic fields are the most classical choice, 
temperature fields also carry important information related to dissipative terms associated with, say, viscoelasticity in 
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polymers and plasticity in steels [18], or phase transformations in shape memory alloys [18,19].  By combining the 
measurement of displacement fields with thermal measurements, the Lagrangian temperature fields can be determined. 
One important point when trying to identify or validate models is related to the proper evaluation of boundary 
conditions [11,20-22].  If they are not correctly assessed, some deviations can be observed, which should not be 
attributed to the material model or the numerical code.  Hence, identification of appropriate boundary conditions must 
be achieved, rather than assuming ideal (virtual) conditions that are not truly achieved in an experiment.  This is 
particularly important when dealing with localized phenomena, such as cracks [20-22] or friction [11]. 
The issues described in the above section show that seamless and real-time integration of simulation methods with 
measurement systems is an on-going process in various fields associated with experimental mechanics, material 
modeling, numerical algorithm development, and computational mechanics.  One of the next challenges is education 
of the next generation of engineers and scientists, which must emphasize both the theory and modern full-field 
experimental methods to ensure continued development and growth of these new procedures [4]. 
2.2. Measurements and Identification at Small Scales 
Next to the analyses and challenges at the meso- and macroscales discussed above, there is a clear trend to apply 
these techniques at smaller (i.e., microscopic and even nanoscopic) scales.  These techniques are the experimental 
counter-part to multiscale modeling strategies that need material parameters to become quantitative and, hopefully, 
predictive [4].  These small scales are even more challenging, as the object size and the displacement resolutions reach, 
respectively, the micrometer and nanometer range.   
By combining kinematic and grain orientation maps obtained by analyzing Scanning Electron Microscopy (SEM) 
and EBSD data, it is possible to have access to the active slip systems across the entire region of interest.  The 
behavior of grain boundaries can be analyzed thanks to high resolution SEMs combined with microplasticity models 
and finite element simulations [9,23].  Even though the models used at various scales are definitely different, some of 
the measurement and identification procedures can cross scales.  This is a trend that is likely to flourish in coming 
years.
Performing quantitative measurements at the nanoscale (e.g., by using Atomic Force Microscopy (AFM)) is even 
more difficult because of artifacts induced by the motion of the cantilever tip over the probed surface.  It is however 
possible to use DIC to study deformation mechanisms in biomaterials (i.e., abalone shells) and bio-inspired materials 
[24].  These results underline the need for additional studies in the field of metrological performance (i.e., 
quantification of measurement uncertainties, evaluation of artifacts) and then their subsequent or integrated use for 
identification purposes for which very robust (i.e., the least sensitive to noise) techniques are needed. 
The analysis of micro-electromechanical systems (MEMS) for electronics applications [25] or as biosensors [26] 
requires both mechanical models at very small scales as well as appropriate measurement techniques.  For instance, 
surface height maps obtained by confocal microscopy are correlated via a 3D correlation technique to determine 3D 
displacement fields in bulge tests [25].  This information may be used to identify mechanical properties at the scale of 
very small membranes.  Another important aspect is related to the modeling of surface effects associated with 
molecular interactions of micro-cantilevers [26].  These studies show that specific techniques and effects are to be 
accounted for if the behavior of these systems is to be fully understood. 
2.3. Applications in Biomechanics 
Biological materials are very heterogeneous by nature.  Their intrinsic heterogeneity makes them even more 
complicated to study, as the representative volume element is not an easy and obvious concept.  Additional 
experimental challenges have to be dealt with in terms of sample preparation, mechanical actuation and measurement 
procedures [27,28].  In this area, the use of 3D imaging tools becomes very attractive.  They will be discussed in 
Section 2.4.   
The development of reliable mechanical models of hard and soft tissues [29], or cells [28,30] is still in its infancy.  
However, progress has been made with descriptions based upon reconstructed microstructures coupled with finite 
element simulations [29].  Similarly, the migration mechanisms of cells is studied thanks to 3D imaging systems 
[28,30].   
In all the analyses presented, one key issue is related to the extraction of material representative parameters.  
Because of the heterogeneous nature of many materials, average properties may not capture the features related, for 
instance, to remodeling or osteoporosis.  Identification techniques will have to be devised to deal with such random 
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microstructures.  They will require measurement techniques, which have both the required spatial resolution and 
sufficiently small uncertainty to be consistent with the scales and mechanical properties to be extracted. 
2.4. Applications with 3D Imaging 
The visualization of 3D material volumes in a non-destructive way is a revolutionary advance in the field of 
materials science [31].  For example, Computed Tomography (CT) imaging makes it possible to access the true 
microstructure in the bulk of optically opaque materials.  The next step in the processing of such volumetric images is 
the use of local information, within a tomograph obtained from an X-ray source of a synchrotron or lab equipment 
[32], and the principles embodied in Digital Volume Correlation (DVC) to measure both the internal displacement and 
strain fields of various heterogeneous materials [21,27,28,33,34]. 
Biological tissues are one class of materials that are suitable for DVC analyses because of their inherent 
heterogeneity (in terms of X-ray attenuation contrast) [27-29].  There are however other materials that can also be 
considered.  For instance, the behavior of granular materials can be analyzed during an in situ mechanical test by using 
subset-based [34] or even discrete [33] approaches when adapted to the actual geometry of each grain.  In particular, it 
is possible to follow the development of localized strain fields (i.e., shear bands) and their relationship with the 
underlying microstructure. 
One key aspect of volumetric imaging is related to artifacts in the CT image reconstruction process (e.g., filtered 
back-projection technique [34]). The artifacts must be corrected as much as possible to obtain accurate internal 
deformation measurements using DVC.  In this area, additional research is necessary to fully control the measurement 
process from the stack of radiographs to the reconstructed volumes and their use for measurement purposes.  One key 
task is to assess measurement uncertainties and their possible reduction by suitable reconstruction techniques. 
Since tomography does not necessarily deal with scalar fields (i.e., gray levels associated with intensity data), the 
images can be richer [35] so that, for instance, strain profiles can be reconstructed.  Similarly, X-ray Laue micro-
diffraction gives access to stresses via the evaluation of elastic strains.  This also opens the way for the combination of 
different fields (e.g., strains and stresses) obtained via 3rd generation synchrotrons. 
It is worth noting that next to CT and Magnetic Resonance Imaging (MRI), both extensively used in the medical 
field and increasingly employed in materials science and mechanics of materials, there is a family of techniques, 
Optical Coherence Tomography (OCT), that combine phase sensing, phase shifting interferometry and depth sensing 
to provide data related to the volume deformation state of an observed object [36]. 
Another important aspect related to 3D imaging techniques is their quantitative use to identify and validate 3D 
models.  An example in which advanced imaging associated with in situ mechanical tests, global DVC approaches 
tailored for the analysis of crack media, and extended finite element simulations are combined was reported [21]. The 
approach was used to identify a local crack propagation law, and to validate stress intensity profiles in spheroidal 
graphite cast iron loaded in cyclic fatigue. 
3. Concluding Remarks 
In all the presentations at the symposium, full-field measurement techniques were used for various purposes.  Most 
of them are well-established (some are commercially available).  Industry is beginning to use these techniques in a 
quantitative way, while closely monitoring the progress made in these areas by research scientists.  There are a few 
groups of scientists that still continue to develop new measurement procedures and algorithms.  In particular, some 
techniques allow bridging the gap between experiments and simulations seamlessly.  An area of continued interest 
relates to the quantification of measurement resolutions and uncertainties, including both predictive models and 
experimental evidence. Such studies must be performed in a systematic manner to ensure that subsequent 
identifications and validations are robust and meaningful.  It is noted that 3D imaging (e.g., CT, MRI, and OCT) is 
emerging as a very promising extension to existing optical techniques and will open new frontiers in the fields of 
biomechanics and mechanics of materials.  For these new imaging tools, the use of ‘very nice’ pictures, acquired for 
quantitative measurements, calls for the complete evaluation of artifacts and uncertainties associated with lab 
equipments and 3rd generation synchrotrons. 
In terms of identification techniques, different approaches are being pursued with more and more complex 
constitutive models being analyzed.  These techniques eventually should allow for robust parametric identification, 
especially in the context of very heterogeneous materials and localized phenomena.  Moreover, the identification 
associated with probabilistic models is one additional challenge to deal with materials with random microstructures.  
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The choice of metrics associated with the comparison between experimental data and numerical results is still an open 
question, for instance, in the context of noisy data. 
The next step concerns the validation of material constitutive laws and numerical models.  This calls for new 
experimental procedures, hybrid experimental-numerical techniques, and real-time computations.  These are some of 
the challenges associated with the emergence of simulation-based engineering sciences [4]. 
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